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A COMPARISOPJ OF DATA OBTAINED By T -l35 A N D  ARCAS 

METEOROLOGICA 

A , J .  Miller, H.M. Woolf and F,G, Finger 

ESSA, We a the r Bur e au, hTa t i on  a1  Meteor o log i ca 1 Center 

H i l l c r e s t  Heights, Md. 

IHTRODUCTIOH 
\ 

W h i l  the meteorological rocket data obtained t o  date have s i g n i f i  n t l y  
increased our knowledge of the upper atmosphere, a s t i i l  greater frequency 
and s p a t i a l  density of observations are  required t G  f i l l  s c i e n t i f i c  needs. 
Accordingly, more end more nations are pa r t i c ipa t ing  i n  the cu 
o l o s i c a l  rocket sounding programs. As i n  the case of the pres  
network, however, the employment o f  d i f f e ren t  instrurrents b:~ t h e  
nations fo rces  the users  of the data t o  consider t h e i r  compatibility ('L'etreles 
and Fj.n?er, ref .  13). 

A -nemorandue of underst.anding T J Z S  recently signed bet57c~n Japan ac6 the 
United S t a t e s  by whfch Japan sent  t o  the Rational Aeronzuties and ,Space 
Adai n i s t r a t i o n ' s  s t a t i o n  a t  Wallops Island, Virginl 'a, 8 contingent of scien- 
tists and s p e c j s l i s t s  w i t h  ter: rockets and i n s t r m e n t s  of Japanese mamifactwe. 
The ohjective was t o  compare and cross-calibrate Japan's MT-3-35 moteorolo$cal 
rocket systea with the United S ta t e s '  ARCAS rocket, q s t e n  L'3roi::T.h nezrl:; 
similtaneous lavnchinys. 
20-q0-kc-1 a l t i t u d e  resion on the d iu rna l  cycles of wind and tempersture, 

A secondaqy goal was t o  obtain sdie?it,ifie data i n  t,he 

Since the individual instruments a re  described by Spurling and Arfzuai 
( r e f .  lI), we present below only a b r i e f  description of the s:,,ste.ns emplopd. 
The MT-135 Echo-Soride (ES-5LB) descends from apogee by parachute and conteins 
a transponder, which upon interrogat ion by a l i 73  NH-L signal  trznsmitted froin 
the Japanese radar (RD-;"), responds with two pulses on a frequency of 1687 
MRz. The first r e tu rn  pulse i s  the range pulse and the second pulse t ransmits  
temperatuxe information by i t s  posit,ion i n  time r e l a t i v e  t o  t h e  range pulse. 
The ac tue l  temperature sensor cons i s t s  of 17 c'11 of PO micron (5V 0.8 m i l )  i ron- 
nickel  res is tance wire strung on a rectangular frame, approximately 43 mm by 
10 mm, attached t o  ihe  s i d e  and extending outvard f ro% the descending in s t ru -  
qent package. 
parachute. a r  rang? and angular posi t ion date a r e  used t o  ca l cu la t e  the 
posi t ion of descending sonde, from vhick? the speed and directdon of the 
wind a re  determined. 

The deceleratjon device employed i s  a 14-lneter diameter s i l k  

The Arcasonde LA a lso  descends by parachute, b u t  i n  contrast  to  the 
Japanese procedure the  wind and temperature information a r e  deternined by 
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Typical Data Format Employed by Japan 
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neans of two separate gromid-based sptems. 
nominal-ly 1 0 - m i l  aluminized bead thermistor mounted so a s  t o  face downward as 
it. descends through the atmosphere. 
ground on a c a r r i e r  frequency of 1580 14Hz and is  received by rawin set 
(AN/GbTD-lB w i t h  a parametric amplifier) .  
from which wind d i r ec t ion  and speed a r e  determined a r e  computed from the range 
and angular posi t ion data  obtained by a high-resolution radar system. 
t h i s  s e r i e s  of soundinzs, l%foot diaqeter disc-gap-band parachutes were 
employed with the Arcasofide lA (Eckstrom, ref. 5 ) .  

Temperatures a re  measured by a 

The information i s  telemetered t o  the  

Posi t ions of the metalized parachute, 

For 

The purpose of t h i s  r epor t  i s  t o  present the r e s u l t s  of t he  comparison 
tests held on 4-5 Apri l  1957 and t o  i l l u s t r a t e  the f e a s i b i l i t y  of employing 
the above instruments t o  measure the small-scale wind and temperature s t ruc-  
ture. Previous s tud ie s  concerned with the  detai led s t ruc tu re  of t he  middle 
atmosphere have been l i m i t e d  mainly to wind information obtained by radar 
tracking of r i s i n g  balloons and f a l l i n g  spheres (e.g. N e w e l 1  e t  al.,  ref. 10; 
Lettau, ref. 6; Weinstein e t  al . ,  ref. 15) .  
indicat ion of such s t ruc tu re  a s  measured by f ine-resolut ion observations of 
parachute wind sensors and of the accompanying temperatwe s t ructure .  

-- 
The present study gives  the f irst  

Information concerning the d i m n a l  cycles of wind and temperature i s  not 
presented here, per se, a s  it i s  f e l t  t h a t  fu r the r  inquiry i n t o  t h i s  v i t a l  
srxbQect i s  needed. 

DATA 

A s  s t a t ed  above, wind speed and d i r ec t ion  were determined i n  both systems 
from the  range and angular posi t ion of the aescending sonde. 
used a time-based technique and calculated the differences i n  posi t ion of the  
sonde a t  time i n t e r v a l s  t h a t  increased wj . th  time, so t h a t  the a l t i t u d e  i n t e r v a l  
between points  was r e l z t i v e l y  constant. 
page of t h e  Japanese reduction.)  
heiyht t h a t  w a s  determined a t  the mid-point of the time i n t e r v a l  by a first- 
order Taylor s e r i e s .  Temperatures were determined from the temperatxre-versus- 
t i m e  recorder trace,  w i t h  1" departure from l i n e a r i t y  employed as the c r i t e r i o n  
for  a siq-iif icent l e v e l  (2' departure from l i n e a r i t y  is  the commonly employed 
c r i t e r i o n ) .  
above, between the l e v e l s  used as input i n  the wind calculations.  

The Japanese 

(Table 1 presents  8 sample output 
The computed win3 value was assigned t o  t h e  

Temperature-heights were interpolated,  i n  the same manner as 

The wind determination scheme enployed by Wallops Island personnel for 
the ARCAS data (Table 2 presents  a sample wind tabulat ion form) which is  a l so  
t h a t  employed by t h e  current  Experimental Inter-American Meteorological Rocket 
Network (lBAMEIwET) pa r t i c ipa t in9  s t a t ions ,  i s  based on a constant a l t i t u d e  
difference between measuked points.  
posi t ion a t  L km above and 1 km below every whole kilometer level was subjec- 
t i v e l y  interpolated from the radar  (AN/FPS-l6) p l o t  board (one point  every 10 
seconds). 
recorder t r a c e  with lo departure from l i n e a r i t y  employed as the  c r i t e r i o n  f o r  
8 s ign i f i can t  level .  The heights  associated with the  temperature values were 
obtained from a coinputer output (described below) with height determined a t  
one-second intervals .  

In  t h i s  method, t he  time of the sonde's 

Temperatwes were determined from the temperature-versus-time 
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WLl? 2. Met Rocket Winds Tabulation Form bployed at tiallops Island, Va. 
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b t h  methods of wind determination f i l t e r  var ia t ions  of smaller v e r t i c a l  
dimension than the height i n t e r v a l  of the calculat ions.  Therefore, i n  order 
to  assess  the  possible  exis tence of small-scale motions, f i n e  reso lu t ion  radar 
data  were obtained i n  addi t ion  t o  t h a t  described above. 
(range p r e c i s i o n z 5  m; angular precisionzO.05 m i l  (1 m i l  = 0.05626")) tracked 
the  Japanese instrument i n  add-ition t o  the  RD-55 radar  (range pyecision::.30 m; 
angular p r e c i s i o n -  1 m i l )  and recorded, on magnetic tape, da t a  poin ts  a t  every 
ten th  of a second. 
z 0.1 m i l )  was the  primary radar  employed i n  t racking the  ARCAS payload, and 
hence data  were obtained both on the  p lo t t i ng  board a t  10 second i n t e r v a l s  
and on magnetic tape a t  0.1 second in te rva ls .  Smoothed pos i t ion  information 
was obtained from the  two s e t s  of f i n e  reso lu t ion  data  by employing a 9-point 
running mean on the  0 .1  second data. Winds were then calculated by f i n i t e  
d i f fe rences  (rounded t o  whole meter per second) a t  1-second i n t e r v a l s  from 
the  smoothed data, and posit ioned a t  the  time mid-point. 

An AN/FPQ-S radar 

The ArJ/,FPS-lS radar (range precisionAz5 m; angular precis ion 

Figures 1 and Z? present  t yp ica l  wind p r o f i l e s  obtained from the  f i n e  
reso lu t ion  computer-processed pos i t i on  data. 
p r o f i l e s  determined by the  Japanese and Wallops Island techniques. 
above, the f i n e  v e r t i c a l  s t ruc ture  indicated by the computer data i s  almost 
completely suppressed by the  other methods. I n  addition, it i s  apparent t h a t  
the  d i sc re t e  sampling of t h e  de ta i led  s t ruc tu re  and the  method of in te rpola t ion  
occasionally cause a l i a s ing  (Blackman and Tukey, r e f ,  3) i n  the smoothed data. 
While it i s  not obvious from the scale  of Figures 1 and 2, each per turbat ion 
of the  computer r e s u l t s  is  based on about 20-30 data poin ts  and is, therefore, 
not  simpLy "noise" i n  the  receiving equipment. 

Also p lo t ted  a re  the wind 
A s  mentioned 

Table 3 gives  the  launch schedule and the general  performance charac- 
t e r i s t i c s  of each sonde. A s  mentioned above, 10 bE'-l3T rockets  were avai lable  
f o r  the e n t i r e  s e r i e s .  Since the OglOZ and l l O 7 Z  soundini2;s d i d  not achiet-e 
temperature records, it was necessary t o  modify the  o r i g i n a l  schedule i n  
consideration of the d iurna l  va r i a t ion  experiment, and the schedule shown here 
was establ ished.  The non-uniform time differences between soundings were due 
to  operat ional  l imi t a t ions  a t  the  time of launch. 
were made as a systems t e s t .  

The soundings on Narch 3 l  

While the  main f ac to r  i n  determining the success-versus-failure r a t i n g  
of each sounding was the  a v a i l a b i l i t y  of temperatures, it should be noted 
from Table 3 t h a t  i n  several  instances, t he  radar data  a t  0.1 second i n t e r v a l s  
were not ava i lab le  f o r  cer ta fn  per iods coverin2 port ions of or  even e n t j r e  
soundings. For these per iods radar p lo t t i ng  board information a t  IO second 
i n t e r v a l s  was u t i l i z e d .  

Figure 3 shows the  pos i t ion  of each sonde r e l a t i v e  t o  Wallops I s l a n d  a t  
the highest  l e v e l  of' winds determined from the f i n e  reso lu t ion  data (Table 3). 
This  l e v e l  was chosen f o r  presentat ion despi te  the  f a c t  t h e t  it i s  not the 
same f o r  a l l  sondes because coincident comparisons could not be made a t  any 
f ixed l eve l .  The horizontal  dispersion indicated, although not benef ic ia l  to  
this pa r t i cu la r  experiment, was unavoidable as the launch angles of the rockets  
were deternined by range safe ty  considerations of see t r a f f i c  and the  response 
of t h e  rockets  t o  low l e v e l  winds. 
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Inspection of a l l  wipd p r o f i l e s  indicated t h a t  i f  we vere t o  evaluate  
t h e  small-scale f e a t r r e s  properly,  the o v e r a l l  trend i n  each curve vould have 
t o  be removed. Accordingly, the  w i l d s  were s.noot.hed by a 1-2-1 weighted 
aver ase s ~ o o t ~  in; a t  500 meter i n t e r v a l s  ( c2 z 0 .2  5 U, - 5oo f 0, 9 L J z  +o, 25 UE , 5oo) 
where U represents  e i t h e r  the zonal or meridional wind speed} and values 
l i n e a r l y  interpolated between t h e  smoothed data  points .  Ceviations from the 
snoothed p ro f f l e  ( O b  = LIZ -gz ) were then determined a t  250-meter in te rva ls .  
ThZs value of t h e  data i n t e r v a l  was chosen only a f t e r  ca re fu l  consideration 
of a11 the data i n  d i ag ram s imi la r  t o  Figures 1 and 2, and represents  the 
swtllest i n t e r v a l  070 apparent wind s t ruc ture .  

The t e iqe ra tu re  p r o f i l e s  d i d  not  ind ica te  a s  small a v e r t i c a l  sca le  a s  
the wind, and therefore  were smootned by a 1-2-1 weighted running mean a t  1 km 
in t e rva l s .  Temperatures (T)  were l inea r ly  - in te rpola ted  between the smoothed 
data  po in t s  and deviat ions (r’=Iz - Tz ) determined a t  500-meter in t e rva l s .  

2 

The c r i t e r i a  fo r  acceptin2 the above smoothing procedure were a s  follows: 

a )  t%e ove ra l l  mean of the deviat.ions f o r  each sounding was approximately 
zero: 

b )  the  mgniiude and phase of the per turba t ions  were such t u a t  over the 
f u l l  ex ten t  of the  so;mdin>;s there  were about a s  many deviat ions t h a t  made the 
p r o f i l e s  of the  t ine-paired observations of Table 3 more coincident a s  there  
were thaL nade then l e s s  so. 

It should be e q h a s i z e d  at, t h i s  tiqe t h a t  t he  temperature f luc tua t ions  
discussed i n  this paper a r e  not the  f luc tua t ions  re fer red  t o  by Ballard 
( r e f .  ll), Lindzen ( r e f ,  7) and Beyers and Miers ( r e f .  2). The o s c i l l a t i o n s  
re fer red  t o  by those authors  represent  s t l l l  smaller sca l e s  than indicated 
here aiid a r e  usual ly  a t t r i bu ted  t o  the osc i l l a to ry  motion of the  instrument 
a s  it descends. 

DISCUS SIOK 

Comparj son of Temperature-Heights Ohtained from the RD-66 and A3!I/FPQ-6 Radars 

A s  described above, t h e  technique present ly  enployed by the Japanese i s  
a l i n e a r  in te rpola t ion  of t e q e r a t u e  heights  from the a l t i t u d e s  used i n  the  
wind calculat ions.  However, it has been shown (Mi.ller and Woolf, r e f .  9; 
Spurling and Arizunf? r e f .  1.1.) t h a t  the  height-versus-time r e l a t ionsh ip  i s  
more near ly  exponential. Consequently, we should expect t h a t  i n  addi t lon  t o  
a possible  random inaccuracy imposed by the reso lu t ion  of the radar  the  
in te rpola ted  values  w i l l  be i n  e r ror ,  the  magnitude increasing v i t h  height .  
A s  a test of t h i s  hypothesis, t he  Jspanese height  deterininations were compared 
w i t h  ihe computer-processed AN/FPQ-6 radar heights.  
presented i n  Table h. 

A t y p i c a l  comparison i s  

In  general, t h e  in te rpola ted  values are higher than the  A N / R Q - 6  deter-  
mined heights,  with the  d i f fe rences  tending t o  increase wi th  a l t i t u d e .  These 
r e s u l t s  ind ica te  t h a t  the temperatures would be more prec ise ly  located if  
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TABLE 4. Differences between altitudes assigned t o  temperature 
measurements as  determined by FFQ-6 computer processed radar 

data and Japanese interpolation program. 

JAPAN - m(m) 
45970 
46150 
43770 
41770 
41000 

39710 
39270 
38940 

37530 
35110 
34980 
34350 
33080 
31810 

38290 

31320 
29190 
27300 
26930 
35730 
24740 
23830 
23410 
22590 
22350 
g i n 0  

205 40 
30370 
20120 

19650 
19450 
19270 
18820 
18420 

1528 am! 4 

T W .  
0.1"C - 

- 33 - r 9  
-117 
-175 
-157 
-157 
-191 
-185 
-239 
-232 
-255 
-323 
-303 
-344 
-423 
- 417 
-459 
-473 
-492 
-494 
-531 
-529 
-544 
-5 35 
-559 
-544 
-557 
-553 
-594 
-584 
-598 
-590 
-610 
-583 

APR. 1957 Wallope Station 

45 722 
43284 
41348 
40587 
39335 
38904 
38592 
37972 
37335 
35788 
34n5 
34102 
32835 
31611 
31149 
29045 

438 
486 
422 

413 
385 
365 
348 
318 
295 
322 
254 
248 
245 
199 
171 
144 

25651 
24574 
23755 
23331 
22494 

79 
55 
75 
79 
96 

22246 104 
$1500 60 
30480 60 
20311 
20087 
19551 
19445 
19254 
18809 
18405 

59 
33 
9 

15 
15 
11 
14 
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matched i n  time wi th  measured heights. Because of t h i s  discrepancy, a11 
other comparison t e s t s  used temperatme-heights obtained from the  computer- 
processed AN/FPQ,-6 data. 

Comparison of Temperatures Obtained by ES-64B and Arcasonde LA Systems 

Figure 4 presents the smoothed and perturbation temperature p ro f i l e s  f o r  
the  8 soundings (4 M!I'-135, 4 ARCAS) f o r  which the comparisons could be made 
using computer processed radar data. The a l t i t u d e s  of the  0129 GM" sounding 
had t o  be interpolated from the  radar p lo t t ing  board (posi t ions marked every 
10 seconds) because a ground equiDment recording malfunction reduced the 
length of the  computer record. 
height values i s  about +. 200 meters. Therefore the 0129 GMT and 0101 GMT 
soundings were not compzred i n  the  manner described here. 

The general l e v e l  of accuracy of the 0129 GM" 

Ekaminiq t h e  smoothed temperature prof i les ,  we detect  a ce r t a in  
disagreement between two of the observation-pairs: 
1156 GIRL'. 
1156 GMT observation was colder than t h a t  a t  l l l 9  GMT. Figure 3, however, 
indicates  that  the r e l a t i v e  physical locations of the sondes d i d  not change 
i n  such a manner that  we would have expected t h i s  reversal .  "he 1628-1643 
GMT and 2244-2259 GMT comparisons, on the other hand, show considerably 
be t t e r  overall. agreenent. 

0955-1002 W and 1119- 
While the 0955 GMT sounding was warmer than t h a t  a t  1002 GMT, the  

The cause of these d i s p a r i t i e s  i s  not known, but it should be remembered 
tha t  our analysis  scheme i s  based on the s t ipu la t ion  t h a t  there  a re  about a s  
many perturbations t h a t  increase the differences between the ac tua l  values 
a s  decrease them. In  t h i s  regard, it i s  in te res t ing  t o  note t h a t  0955 and 
1002 GMT soundings show remarkable s imi la r i ty  i n  t h e i r  overa l l  shape, 
suggesting the  poss ib i l i t y  of a cal lbrat ion e r ror  i n  e i the r  or  both ins t ru-  
ments. Contradicting t h i s  hypot1iesj.s i s  the f a c t  that the other observations 
do not exhib i t  similar systeinatic differences. Clearly, though, every e f f o r t  
should be made t o  c l a r i f y  t h i s  s i tua t ion  and t o  erase a l l  ambiguity concernins 
such temperatare measurements. 

The temperature perturbations of these tkme-paired observations (Fig. 41, 

A s  a measure 
i n  contrast  t o  the above, show very good agreement w i t h  each other w i t h  a 
v e r t i c a l  scale  of about l.5-? km and magnitudes of about + 3'C. 
of t h i s  compatibility, correlat ion coef f ic ien ts  were comp&ed (Table 5).  In  
each instance, the cor re la t ion  coef f ic ien t  of these paired observations 
exceeds the random chance value a t  the 0.001 l e v e l  (Brooks and Carruthers 
r e f .  4), a s  does the  O l O l - O l F J  @.TI! correlation. A s  the  s p a t i a l  separation of 
the 1643 and 1902 GMT observations was only about 7 km, t h e i r  correlat ion 
coef f ic ien t  was computed a s  a possible indicat ion of %he t i n e  variance of these 
perturbations.  
even a t  the 0.1 level .  

A s  indicated i n  Table 5, the correlat ion i s  not s ign i f icant  

The v e r t i c a l  s t ruc ture  of these perturbations i s  a l so  of i n t e r e s t  as there  
does not seem t o  be any marked change of v e r t i c a l  wavelength w i t h  height. It 
must be noted, though, t h a t  our analysis  is l i m i t e d  by the resolut ion of the 
data and our r e s u l t s  do not preclude the existence of smaller-scale deviations. 
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Comparison of Winds Obtained by ES-54B and Areasonde lA Systems 

Figures 5 and 6 present the smoothed and perturbation p ro f i l e s  of the 
zonal and meridional wind components from the 8 soundings for which both 
temperature and wind comparisons could be made. 

Notim first the smoothed wind prof i les ,  we see t h a t  there  is, i n  general, 
r e l a t ive ly  more agreement between the  t w o  wind determinations than between the 
temperature measurements (Fig. 4). EspecialLv lacking is the  overa l l  bias 
t h a t  appeared i n  several  of t h e  temperature comparisons. Once again, t h i s  
suggests ca l ibra t ion  problems as a possible source of the smoothed-temperature 
differences.  

With respect t o  the  wind perturbations, we see t h a t  as i n  the case of 
the tenrperature s t ructure ,  the p ro f i l e s  a re  very similar.  We note, however, 
the tendency for the bE-135 perturbation amplitudes t o  be somewhat grea te r  
than those measured by the  ARCAS system, especiallgr a t  the higher a l t i t udes ,  
Assessment of t h i s  fea ture  should be tempered by consideration of the two 
parachute designs (Spurling and Arizumi, r e f .  11) and the wind-sensitivity 
charac te r i s t ics  of the i n s t r w e n t s  a s  a function of descent r a t e  (Malet, 
r e f .  8). A s  Spurlins and Arizu.mi show, the Arcasonde LA tended to  f a l l  a t  
a somewhat f a s t e r  r a t e  (AWZ 2 to5wnsec-') than the ES-GkB dir ing the 1528- 
1643 GMT and P?44-2?59 GMI' comparisons. 
1156 GID comparisons, t h i s  diffierence i n  f a l l  r a t e  was reduced. 
s t ruc ture  of the winds appears t o  be dominated by a "wavelength" of about 
1. km, but a s  observed by Webb ( r e f .  1 4 )  there  i s  considerable sca t t e r  about 
t h i s  value. 

During the  0955-1002 @IT and 1119- 
The v e r t i c a l  

In  argument against  the poss ib i l i t y  that. the  observed wind perturbations 
a re  caused. by re f rac t ion  e f f e c t s  on the two radars, it is  noted t h a t  the 
AN/FPS-16 and AN/FPQ-G radars  a re  about one mile apart .  Hence, a highly 
improbable sequence of events wou-ld have t o  occur i n  order t h a t  the index-of- 
re f rac t ion  gradients  be a s  similar over the two radar sites a s  the correlat ion 
coef f ic ien ts  indicate.  In addition, there  i s  no apparent correlat ion between 
the zonal and meridional wind components fo r  each sounding. 

As i n  the analysis  of the temperature measuxements, correlat ion coef f ic ien ts  
(Table 6 )  were computed a s  an indicati.on of the comparabjlity. Since winds 
were measured even i n  the  event of temperature sensor fa i lure ,  several  other 
corwe1ation.s could be compted i n  addition t o  those mentioned above. 
soumdi n:: vas not correlated wi th  81.1 other soundi rigs, since the posi t ion 
infornation (Pig. 3) sc.se,ested t h a t  t h i s  would only tend to  confuse the over- 
a l l  in te rpre ta t ion .  Consequently, a correlat ion coef f ic ien t  was conrputed 
only h7hen two soundings were closely spaced i n  e i the r  t im or  distance. 

Fach 
- 

I n  a l l  instances the correlat ion coef f ic ien ts  were hichly s ignif icant ,  
exceeding the random chance value a t  about the  0.001 level .  It i s  unfortunate, 
however, t h a t  the variable horizontal  separations of the sondes were not 
coupled w i t h  constant tilne differences, or  viee-versa, so t h a t  more meaningful 
in te rpre ta t ions  could be nade. The several  theories  t h a t  per ta in  t o  the 
existence of these pertuxbations (e.g. Weinstein e t  a l . ,  r e f .  15; By ,  r e f .  13; 
Newel1 e t  a l . ,  r e f .  10) a re  dependent on the sca les  of motion involved, and 
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hence information on tile four-diixmsj oxal s t ruc tu re  of the  deviat ions is  
required.  

T t  i s  worthy of note, however, thar, the L:k3-1902 C;?.IT comparison displayed 
a signifi .cant co r re l a t ion  of wind, but a non-significant co r re l a t ion  o f  tem- 
perature .  The reason f o r  t h i s  is  not c l ea r  a t  t h i s  time, b u t  i n  view of t h i s  
r e s u l t  the  temperature-wind r e l a t ionsh ip  i s  dlscvssed below. 

Comparison of Temperature Structure  with Tota l  Velocity Measurements 

A s  w e  e q e c t  the  descending sonde t o  l a g  the ac tua l  winds j.n i t s  response 
t o  the i r  impulses, lag cor re l a t ions  a t  250 meter i n t e r v a l s  up t o  a t o t a l  
separat ion of 2 km vere computed between the  temperatwe deviat ions and tine 
t o t a l  veloci ty  deviatj-ons for  two cases, 1528 and 1<43 GM!I'. Total  ve loc i ty  
includes the  f a  1 r a t e  of the ins t runent  ( i . e .  Tota l  Velocity = 

t h a t  the  fi .nal  values  of deviat'ions frorn the  smoothed values were e s sen t i a l ly  
due t o  the  horizontal  winds. ?"ne r e s u l t s  of the  lag-correl.ation computations 
a r e  presented i n  Table 7. 

(U2 + @ + W 2 ) l  3;. -), but  the  f a l l  r a t e s  were found t o  be so per turbat ion-free 

Clearly,  there  2s no indica t ion  t h a t  the two p r o f i l e s  a re  cor re la ted  a t  
any l a g  f o r  e i t h e r  instrument type. I n  f a c t ,  none of the correlatdons i s  
s ign i f i can t  e-Ten s t  the  0.1 leve l .  A s  i n  the  case of the  wind comparisons, 
however, the  in t e rp re t e t ion  of the r e s u l t s  of our f a i r l y  simple t e s t s  should 
be tempered by the possible  non-linear reac t ions  of the  descending sonde t o  
the wind f i e l d s  (e.g. Malet, r e f .  8). 

FINAL REMARKS 

While the  ove ra l l  sample s i ze  of the comparisons i n  t h i s  s tudy  was l imited,  
we bel ieve t h a t  our r e s u l t s  have exhibi ted such consistency t h a t  ce r t a in  
general  statements can be made: 

1) Both the  Japanese time-based and Wallops Island height-based methods 
of computing winds serve e f f ec t ive ly  t o  f i l t e r  out  the de ta i led  wind s t ruc tu re  
a s  observed by a high-resolution radar.  An indivi'dual po in t  on e i t h e r  wind 
p ro f i l e ,  however, may be a l iased  from the per turbat ion winds and t h i s  f ea tu re  
should be borne i n  mind. Neither method appears t o  have an advantage over the  
other  so t h ? t  e i t h e r  technique can be u t i l i z e d  with equal confidence. 

F') When the smoothed winds determined from the  high-resolution radar  data  
a re  cornpared between the two systems, the pa t t e rns  show considerable agreement. 
This r e f l e c t s  t h e  s imi la r  response c h a r z c t e r i s t i c s  of the  two parachutes and 
increases  ou r  Level of confidence i n  t h i s  method of wind deters inat ion.  

3) Tie ternperature heights, a s  intxxpoLated from the  time-sequential 
he izh ts  i n  the  Japanese program, tend t o  be g rea t e r  than those measured by the 
FPQ-6 radar .  This i s  believed t o  be mainly due t o  the  l i n e a r  approximation of 
the  instrumental  f a l l  r a t e  when, i n  ac tua l i ty ,  it should be more nearly expo- 
nent i a  1. 
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4) In  two of the four pairs of soundings, systematic temperature 
differences between the smoothed prof i les  were noted, which cannot bo explained. 
Further inquiry i s  needed t o  determine if they are real atmospheric fluctuations 
or merely of instrumental origin. 

5) When the perturbation values of wind and temperature are compared 
between systems, a high degree of correlation resul ts  that tends t o  substantiate 
the existence of these features and raises  our level of confidence i n  the 
sensit ivity of the two instruments. 
the observed temperature fluctuations are essentially independent of the ob- 
served wind oscillations. 

Additional s t a t i s t i c a l  t e s t s  indicate that 
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